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COMPLETE SPECIFICATION 

Improvements in or relating to Helicopters 



We, United Aircraft Corporation, a 
Corporation organized under the Laws of 
the State of Delaware, United States of 
America, of 4-00 Main Street, East Hart- 
5 ford 8,^ Connecticut, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and .the method by which 
it is to be performed, to be particularly 
10 described in and by the following state- 
ment : — 

_ This invention relates .to' rotary wing 
aircraft. 

When rotary wing aircraft such as 
15 helicopters are used on surface ships, for 
example, aircraft carriers, it is necessary 
to fold the blades so that the helicopter 
can be carried below deck on elevators of 
standard size. This folding and unfolding 
20 of the rotor blades must usually be done 
while the ship is under way, frequently 
at full speed, and must be accomplished 
quickly. 

_ One object of this invention is to pro- 
25 vide meenanism which is automatically 
operative under the control of the pilot 
for folding and unfolding the main 
sustaining rotor blades of a rotary wing 
aircraft. 

30 Another object of this invention is to 
provide improved mechanism for control- 
ling the blade locks and their associated 
pitch controls in the proper sequence 
relative to the blade folding and unfolding 

35 operations. 

These and other objects and advantages 
of the invention will be evident or will be 
pointed out in connection with the 
following detailed description of one 

40 embodiment of the invention shown by 
way of example in the accompanying 
drawings, in which : 

Fiz. 1 is a" side elevation of a helicopter 
embodying the invention ; 

45 Fig. 2 is a side elevation "of the main 
[Price 3/6] 



sustaining rotor of the helicopter of Fig. ' 
1 with the blades broken away and parts 
omitted for purposes of illustration; 

Fig. 3 is a simplified very diagrammatic 
plan view of the rotor of Fig. 2 illustrat- 50 
ing the way a hve-bladed rotor is folded 
in accordance with this invention, the 
blades being shown in the position they 
occupy just prior to completion of the 
folding cycle; 55 

Fig. 3A' is a detail elevation taken on 
line 3 A— 3 A of Fig. 3, showing the 
inclination of the folding hinsre of the 
No. 4 blade; 

Fig. 4 is a plan view of the rotor with 60 
the hydraulic lines removed, the blades 
being broken away for purposes 01 
illustration: 

Fig. 5 is an enlarged detail view of the 
rotor in the vicinity of the attaching 65 
means for one of the blades, showing the 
pivot about which the blade folds and the 
blade pitch control means at the blade 
root: 

Fig. 5A is a detail view on line 5A— 5A70 
of Fig. 5; 

Fig. 6 is a diagrammatic view illustrat- 
ing the hydraulic system ; 

Fig. 7 is a phantom view similar -to Fig. 
5 showing the conduits connected to the 75 
actuating hydraulic struts; and 

Fig. 8 is a diagrammatic view illustrat- 
ing the primary components of the 
electrical and associated hydraulic 
circuits. " 80 

Referring to -these drawings in detail, 
Fig. 1 shows a helicopter having a fuse- 
lage 10 including a cargo or passenger 
compartment 12 which extends from the 
nose of the ship well aft into the tail cone 85 
14 and a forward pilot's compartment 16 
above the cargo compartment. A tail 
rotor pylon IS is also provided having 
the usual anti-torqne tail rotor 20 
mounted thereon for rotation about a 90 
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generallv horizontal axis. A main 
sustaining rotor 22 is mounted on an 
upright tubular shaft 24 which extends 
from the main rotor pylon 26 located just 
5 aft of the pilot's compartment. As shown 
herein the main rotor has five blades 
although the number of blades used may 
-an- in different aircraft. 

Two en-sines are provided to drive the 

10 main and" tail rotors, each mounted in a 
separate nacelle 28. one of which is shown 
in Fis?. 1. These nacelles are carried by 
sttih winss 30 projecting: laterally from 
opposite "sides of the fuselage, one of 

15 which is shown in dotted lines in Fig. 1. 
The usual main and auxiliary landing 
gears 32 and 34 are provided for support- 
mo- the ship on the ground and may be 
retracted in night in a well-known 

20 manner. 

This invention is principally concerned 
with a means for automatically folding 
and unfolding th* main snstahiing rotor 
blade* 27. The folding mechanism pro- 

25 vided for each blade is the same. Although 
one Wade, the indexing blade, does not 
fold, it is' provided with the same folding 
mechanism for purposes of balance, these 
parts beins? utilized as carried spares lne 

30 blades rotate in counterclockwise direc- 
tion as viewed from above and ior 
purposes of description the blade? are 
numbered counterclockwise from 1 to o T 
the No 1 blade being the indexing hiaae 

35 which is positioned "over the tail ^ cone 
during folding and unfolding oi ihe 

blades. - . 

The main sustaining rotor consist.- 
nf spaced upper and lower plajes 3b and 

40 38 (Fig. 2'/* carried by shaft 24 and 
between which the blades 27 are pivotally 
mounted for flapping movement about 
..-.-ererallv horizontal napping Hinges 40 
< r Fio- oi and for movement hi the plane 

45 of blade rotation about generally vertical 
dra-o- binges 42. Considering one of the 
flve'blades. it will be noted that in this 
rotor the axes of the drag hinge and the 
flapping hinge of the blade intersect eaeii 

SOother. "A flapping link 44 fFig. 2i which 
.-arrie* the blade is pivoted on The tiap- 
Dinn- hinge. The Sapping link has a 
kindle 95 CFiff. 3A and -5) which extends 
asiallv of the blade and on which the root, 

55 sleeve of the blade is journalled xor pitch 
changing movement. A collar 46 at the 
inboard end of the blade carries the usna. 
blade horn, hereinafter referred to, for 
r-hangms the pitch of the blade The 

60 napping link 44 and the collar 4b are 
provided with laterally projecting adja- 
cent lues 48 and 50.. respectively having 
alio-ned passages in which a locking pin 
52 "carried bv ius 50 can be reciprocated 

65 to lock the blade sleeve against angular 



movement- relative u> the flapping link. 
\ hvdraulic strut including cylinder -i* 
carried by lug 50 controls the reeiproya- 
tion of the pin 52 im» «>nt oi locking 
position. . . . „ 

Horn 56 on vollnr 4ti (Fig. 2i isi-oii- 
nested f>r universal movement at -u to 
thp lower end oi a ru«l 3$, the upper end 
of which is connected by i-levis of) to the 
rotatable lite extremity of an arm on (Fi*. 7o 
4- fixed to a rocker shaft 62. Shalt b2 is 
journalled on one the five blade sup- 
porting arms 64 of ih«> *pM«- ^ -n 
c second arm 6> piv^slly ..-onne^eJ at iU 
to the upper end oi: :i push-pull r^i *2 80 
(Fi<r The Kov.-r .;nd of rod <- is 
connected for nnivci-n] m..vi?me«t at i4to 
on* In? of the rota table portion 16 oi a 
u«ual swash plate, ihe non-rotating por- 
tion 78 of which- is prevented n-om85 
rotation bv a u-n«l s.-issors J he 

non-statins swash plate portion lias 
four point/ ?4. two ..f which are shown 
in F?« 2 The rhshr hand point *4 as 
viewr-d in this tk'iir.- is imaehed to the 90 
sei«or« SO Tin* "ih.-r three points *4 
are connected to hydraulic servos, not 
shown. One of the,e servo connection 
points is shown in. Fig. 2. Thus to fly _ 
forwavd ihe ri-hr front point ^4 is 9a 
lowered and t-» fly hnckward it is raised 
To n^- to the- left the risht.rear point S4 
i* raised and to fly to the right it is 
lowered. W\\«n all Three servos are 
actuated together, the swash plate isiOO 
mov.-d bodily up or d..wn on the shatr -4 
to ehanue the piu-h all the blades 
collectively. Tin- .-.-rw as usual are 
controlled by the nil"' by mechanism, not 
shown. . .„ . , 1° 5 

Befemne to Fig. -.». it will be noted 
that cadi "blade has a fitting jhicn 
Terminates in an iuhoard annular flange 
?u Flamje 90 is bolred to a similar flange 
92 of a bind*" atTa«-ljin«r member 94 form- 
ins" one part of a nr._.-part blade folding 
hino-e. mechanism, the other part 96 ot 
vrbi**i i? in the form of a sleeve, 
previously mentioned, iournailed on the 
blade feathering spindle W 'Fig. >V and n 5 
ha* nn annular fl;.n«* 95 which is bolted 
to dollar 4(5. Hin-e parts 94 and 9b are 
pivotal.lv connected by a hinge pin 100 
which the pin about the axis oi which 
tV bb.dp folds and unfolds. This hinge 120 

V-st shown in Fisrs. o and oA Hinge 
part 94 has two locking lugs 102 which 
mer into recesses 104 in sleeve 9b. tlie 
h\*r* 10° and the overlying portions of 

«leeve M d-iinin- the recess having 125 
aligned aperture- m in which blade 
locking pins 10S are rcr-iprocaWe and m 

co-operation witl". hinge pin 100 lock the 

blade in its flight., or unfolded position. 

Two -uch pins 30> are provided (El?, b). 130 
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The pins 108 are attached to a yoke 110 
which in turn is attached to the piston 
rod oi piston 112 hydraulicallv reciproe- 
able in cylinder 114 of strut lis which is 
Seamed by sleeve 96, the piston and 
cylinder co-operating to withdraw and 
insert the pins to unlock and lock the 
wade folding hinge. 
The napping hinge 40 for each blade 
10 has an axial extension on which a damper 
attaching horizontal sleeve 116 is 
journalled. The damper consists of a 
cylinder 118 (Fig. 4) pivotally mounted 
at 120 on the radial spider arm 64 of its 
15 associated blade and a piston 121 -bavin* 
a piston rod 122 (Fig. 6) pivotallv con- 
nected at 124 to the horizontal sleeve 116 
thus forming in effect a universal joint 
connection of the damper piston rod with 
20 the flapping hinge 40. As shown most 
clearly in Fig. 6, the damper cylinder 118 
has an extension cylinder 126 in which "a 
piston 128 is reeiprocable. Piston 128 is 
carried by the end 130 of piston rod 122 
25 and under the action of hvdraulic fluid 
entering the cylinder at the left of the 
piston moves the piston rod 122 and henee 
swings the- blade about its drag hincre 
until a stop 132 engages the end of 
30 cylinder 126, in which position of the 
damper parts'; the blade is in its normal 
position for folding in which it is 
extended forward of the radial axis to full 
autorotative position. 
35 The hinge part 94 has an arm 134 
securely bolted thereto and provided with 
an enlarged somewhat semi -circular end 
portion 135 which underlies a sector gear 
136 and is_secured thereto by a pluralitv 
40 of bolts 13 / arranged in a circular arc so 
that the angular relation of the gear 136 
relative to the portion 135 may be 
changed. The sector gear 136 is operated 
by a rack 140 which forms an extension 
45 of piston rod 142 of a hvdraulic strut- 145 
including cylinder 144 rigidlv supported 
by bracket 147 (Fig. 5). 

Hinge pin 100" additionally carries 
immediately beneath arm 134 an arm 135a. 
50 which is fixed to sleeve 96 by a bolt (not 
shownj. That portion of pin 100 where 
it passes through arm 135a is oi square 
cross-section, as is its .mating hole in 
135a-, with the result that there is a rigid 
55 connection between pin 100 and fixed arm 
135c. An arm 134a, which overlies the 
sector gear 136 ; carries at its free end bolt 
135& and a roller which engages the 
smooth back of rack 140 and "holds the 
60 rack firmly in position to mesh with sector 
gear 136. Bolt 135o also extends through 
the free end of arm 135a which is fixed, to 
sleeve 96. Hence arms 134a and 135a 
and pin 100 are secured rigidly to hinge 
65 part 96, while aim 134 and gear 136 mav 



move about pin 100 with hinge part 94. 
It is thus evident that hinge part 94 and 
the blade may be swung away from sleeve 
96 in the desired blade folding motion by 
rack actuation of sector gear 136. 70 

In the process of folding and unfolding 
the blades, the operation of the drag hinge 
dampers for positioning the blades, the 
operation of the locking pins 52 and the 
hinge locking pins 108, and the actual 75 
folding and unfolding operation of the 
blades themselves must be performed in 
the proper sequence. To this end 
sequence valves are provided in the 
hydraulic lines. Referring to Fig. 6, a 80 
sequence valve 148 of usual construction 
is provided on each damper cylinder 126 
having a valve member constantly spring . 
biased against its seat and having a valve 
stem which projects slightly into the 85 
cylinder 126 into position to be depressed' 
by piston 128 to open the valve whenever 
the piston moves oyer the stem. The 
piston 128 has a bevelled edge on its 
right hand face as viewed in Fig. 6, which 90 
enables it to cam the stem of the valve 
148 downwardly as it moves over the stem. 
A similar sequence valve 150 is likewise 
. associated with each hydraulic cylinder 
54 in position to be engaged and opened 95 
by pin 52 at the end of its locking stroke. 
Similarly a sequence valve 152 is provided 
which is engaged and opened at the end 
of the unlocking stroke of pins 108. Th* 
above sequence valves are operated during 100 
the blade folding operation. A sequence 
valve 154 is also provided for each blade, 
which is opened at the end of the blade 
unfolding stroke of the rack 140, as hin<re 
part- 94 moves against sleeve 96 ; all as will 105 
be more fully described in connection with ■ 
the operation of the mechanism.- Pins 
108 also control a sequence valve 138, 
constantly "biased toward closed position, 
the stem of which is engaged bv piston U0 
112 to open the valve at the end of the 
locking stroke of these pins. 

_The hydraulic system includes a pump 
156 which takes fluid from a sump 153 
and - supplies one or the other of the 115 
distributors 160, 162 'as controlled bv the 
four-way valve 170 to fold or unfold the 
blades, suitable fluid transfer bearings, or 
rotating joints, 163 and 163a being pro- 
vided in the hydraulic conduits leading to 120 
•the distributors. As the mechanism for ■ 
folding and^ unfolding the No. 2, No. 3, 
-No. 4, and No. 5 blades is identical, except 
for variations in adjustment of the 
mechanism, that of the No. 2 blade only 125 
has been shown in Figs. 5, 6 and 7- for 
simplification. It will be understood that 
the blade folding movement of all the 
blades starts simultaneously. 
' Before the blades can be folded, ' it is 130 
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necessary to index the rotor until the 2s o. 
1 blade lies over the tail cone 14. As 
previously stated the No. 1 blade is the 
indexing: " blade and does not itself fold 
5 Although it carries a full complement o'i 
folding mechanism to insure rotor 
balance. Referring to Fig. 6'. if it is 
desired to fold the blades, the pilot closes 
rotor indexing switch 204 which supplies 

10 voltage from a power source 205 through 
a conductor 205a- to the movable switch 
member 206 of a pilot operable blade 
folding and unfolding switch. .At the 
same time voltage is applied to conductors 

15 2056 and 205c to energize inner slip ring. 
20S which is carried by and rotates with 
the main rotor shaft 24. Simultaneously 
current flows through conductor 207 and 
a grounded valve opening solenoid 214 of 

20 a hydraulic valve 216. Operation of 
solenoid 214 . stipplies hydraulic fluid 
under pressure through conduit 218 
through valve 216 and conduit 211 to 
hydraulic motor 220 which drive.? ^ ths 

25 rotor shaft 24 in a counterclockwise direc- 
tion as indicated by the arrow in Fig. S. 
Fluid from motor 220 returns through 
conduit 221, valve 216 and conduit 240 in 
a usual manner. The rotor continues to 

30 move in this direction until the jumper 
222 carried by the rotor engages contact 
224 when current flows from source 205 
through switch 204, conductors 205c, 
205&. 205c, ring 20S, .jumper 222 to con- 

35 tact 224 and thence through conductor 
210 to a grounded valve closing solenoid 
212 which closes hydraulic valve 216 and 
interrupts the flow of hydraulic fluid to 
motor 220. 

40 It will be noted that, when the jumper 
222 engages contact 224, current will also 
flow from -the source- 205 through switch 
204, conductors 205Z>, 205c, ring 208, 
jumper 222, contact 224 and conductor 

45 22S through a grounded solenoid 230, thu* 
bridging the contacts 231 which are in the 
blade folding circuit. If now the pilot 
moves the switch member 206 from the 
"OFF" position shown in Fig. S into 

50 position to engage contact 232, current 
will flow from source 205 through switch 
204, conductor 205<r, contacts 206, 232, 
conductor 233, closed relay contacts 231 
and conductor 235 .to the grounded 

55 solenoid 234 which operates the four-way 

■ valve 170 to fold the blades as will be 
hereinafter fully described. 

When the pilot desires to unfold the 
blades to bring the same again into flight 

60 position; the movable switch member 206 
is moved into engagement with contact 
23S. Current will now flow from source 
205 to switch 204. conductor 205ff, eon- 
tacts 206, 23S, ' conductor 237 and 

65 grounded solenoid 242 associated with the 



four-wav hydraulic valve liO which 
directs fluid to unfold the blades. YYhen 
the blade? have h^n unfolded, the rotor 
indexing switch 204 is opened and the 
movable switch niemh.-r 206 is moved to 70 
the off position shown in Fig. S. The 
blade folding and unfolding mechanism 
associated with the rotor head and con- 
trolled by the four-way hydraulic valve 
170 will now be described. m 75 

Referring to Fig. U. the blade is in its 
norma] flight position (unfolded) as 
indicated bv the position of the piston 128 
in the extreme left end of cylinder 126 in 
which position the damper piston 121 is 80 
free to move through its full stroke: the 
piston 127 is in tho right hand end of 
cvlinder -54 in which pin 52 is withdrawn 
from lug 4S (Fig. -~ : piston 112 is in the 
left end of cylinder 114 of strut 115 in 8a 
which pins 10* extend throueh lugs 102 
and lock the blade folding hinge: and the 
piston 146 is in the risht hand end of 
cylinder 145 which \< the extended posi- 
tion of rack 140. 90 

It will be recalled that the >.o. 1 hind* 
does not fold but remains directly over 
the tail cone in the position shown in Fig. 
3 in which it was left when jumper 222 
encased contact 224 (Fig. S). Blades Xo.95 
2 and No. 5 fold back 72° into the posi- 
tions shown in Fig. 3 in which they lie 
alongside blade Xo. 1 and parallel thereto. 
During this foldinsr movement blades Jso. 
2 and" Xo. 5 also move upward slightly 100 
due to a 3° inclination of their hinjre pins 
100. Also blades Xo. 3 and Xo. 4 are 
folded aft throiurh 131 s - to bring thorn 
under blades Xo. 2 and Xo. 5 and likewise 
parallel with blade Xo. 1. As shown m 105 
Fig. 3 blades Xv. 3 and Xo. 4 have not 
completed then* folding movement and it 
will be evident that to do so they must 
move under the folding hinges of blades 
Xo. 2 and Xo. 5. In order to accomplish no 
this the folding hinue pins 100 of blades 
Xo. 3 and Xo. 4 arc inclined so that these 
pin* lie 12 c from the vertical., in a direc- 
tion to cause th<? tip? of these blades to 
move down as they fold. . 115 

The inclination of pins 100 of the 
blades is. possible because of the bolted 
connection of the flange 98 to collar 46. 
For example, it will be evident that, by 
rotating sleeve 9b' of blade Xo. 2 clockwise 120 
relative to collar 46, as viewed from the 
right hand side of Fig. 5, the folding 
hinse pin 100 of blade Xo. 2 will be 
inclined forward at the top in Fig. 3 so 
as to cause the tips of this blade to rise 125 
when folded aft i Fig. 3'*. Of course, m 
order to maintain the pitch relationship 
of the blade the same, an equal counter- 
clockwise rotation of flange 90 relative to 
flange 92 is required. The dip of blades 130 
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No. 3 and No. 4 upon folding is similarly 
provided. Thus, the hinge pin 1-00 of 
Made ISTo. 4. is moved aft at the top m 
Fig. 3 by clockwise rotation of its flange 
5 98 relative to collar 46 while in the case 
of blade No. 3 the pin 100 would be moved 
aft at the top by counter clockwise move- 
ment of flange 98 relative -to its sleeve 46, 
The swinging of the No. 2 and No. 5 

10 blades through an angle of 72° and- of the 
No. 3 and No. 4 blades through 131° is 
accomplished by adjusting the angle of 
the sector gears 136 relative to- the semi- 
circular portions. 135 of straps 134 carried 

15 rigidly by hinge parts 94, as permitted by 
bolts. 137. . 

As the No. 3 and No. 4 blades- fold back, 
there is a -tendency for Hie blade .root to 
swing upwardly about the flapping hinge 

20 which would allow the blade assembly to 
drop at its outer- portion. This is pre- 
vented by the anti-eoning lock HI. which 
engages an" abutment 77'' on- sleeve- 96 
m%. 2), 

25 With the rotor indexed into the proper 
position for blade folding, movement of 
switch member- 206" (Fig. 8) into: contact 
with terminal 232 supplies current to 
solenoid 234 as. previously described. 
30 Actuation of solenoid. 234 permits 
hydraulic fluid- to flow from tank 158 
through pump. 156, conduit 236, valve 170; 
condnit 165, rotarv valve 163, conduit 
167 (Fig. 6), distributor 160 and conduit 
^169 to- the left hand end of cylinder 1-26. 
Fluid acting on piston 12S* moves the 
latter io the right until the stop 132 
engages the right hand end of cylinder" 
126. In this position of piston -126, the 
stem of normally closed valve 148 lies 
directly beneath the piston and the valve 
is held open by it so that fluid is now free 
to flow through conduit 171, valve 148 and 
_ conduit 172 to the right hand end' of 
45 cylinder 54. Fluid" acting on piston. 127 
moves pin 52 to the left- against the action 
of spring 174. During this movement of 
piston 127 the fluid- in cylinder 54 flows 
through conduit 176, open valve 138, ■ 
50 conduits- 178 and 180, opened valve 154 
and conduits 202 and 182 to distributor 
162 and thence through eondxiit IS 4, 
rotating joint l€3o> conduit 200, valve 170 
and conduits 186 and 240 to- the sump 15S: 
55 As pin 52 moves into lug 48 (Fig. 5) to 
lock collar 46 to the flapping link 44, it . 
engages the stem of normalfy closed valve 
150 to open the latter and allow fluid- to 
flow from condiut 188, through valve 150, 
60 conduits 190 and 192 to cylinder 114, 
moving piston 112 to the right. The fluid 
in cylinder 114 flows through conduit 194 
into conduit 180 and thence to sump 15S 
as previously described. As the fluid 
65 moves piston 112 to the right, it with- 



draws pins 108 from lugs 102 of the- lock, 
lag hinge part 94 which leaves the blade 
free to. swing, about its hinge, pin- 100.. In. 
the final movement of. piston 112 yoke 119 
engages the stem- of normally closed valve 70 
152 and. opens it to admit fluid through 
conduit 196 to cylinder 144 of the blade 
actuating strut 145. The fluid in cylinder 
144 is free to return through the conduit 
182 to sump 158 as- the fluid entering 75 
through conduit 136 moves the piston 146 
to the left to effect folding movement of 
the blade about its hinge pin 100 through 
the action of the rack 140 and sector 
gear 136. 80 

It will, be- noted that as the blade folds 
and the root portion 88 of the: blade 
swings about pivot pin 100, the' hinge part 
94, which in the unfolded position of the 
blade' engages valve stem- 198 and holds it 85 
open, is removed and under the action of 
its spring, this valve closes.. Also, it will 
be noted that when piston 112' mnves to 
the right, valve- 138 also closes under the 
action of its spring* 174. 90 

To move the blades into, flight position 
(unfold;) the pilot moves switch member 
206 (Fig.. 8) to engage contact 23S and a 
circuit is thereby closed to. solenoid. 2-42 of 
selector valve- 170. As- a result this valve 95 
170 moves into the full line position 
shown in- Fig, 6 so " that fluid. . under 
pressure from pump 156 will flow through 
condiut 236, valve 170, conduit 200, 
rotating- joint 163a-, conduit 184, distil 100 
butar 162, and conduit 182 to cylinder 
144- to move piston 146 to. the right anil 
swing the blade back to normal flight- 
position. As "tie hinge part 94 moves 
into engagement wi£h the sleeve- 96 it 105 
engages the stem> 198 of valve 154. and 
opens the latter to admit fluid-- through 
conduit 202, valve 1-54 and conduits ISO 
and 194 to cylinder - 11.4. The resulting 
movement of piston 112 to the. left iniFig, 110 
6 causes the locking- pins 108 to pass 
through lugs 102- and enter sleeve 96- to • 
again lock the blade- against movement 
about its hinge pin 100. As piston 112 
moves to "the left it also withdraws the US 
crossbar 110 allowing valve 152- to close . 
Also as piston. 112. reaches the end- of its 
stroke- "it" opens valve 138 which", admits 
-fluid from conduit 178 to conduit 176 and 
cylinder 54. Fluid admitted, to. cylinder 120 
54 moves piston 127 to the- right in Fig. 
6 allowing valve 150 to close and unlock- 
ing the pitch control . ring 46. This " 
returns the parts to their original position 
at the beginning of the folding and 125 
unfolding cycle. 

It will be evident that as a result of 
this invention it is possible to automatic- 
ally- fold and unfold the blades of a multi- 
blade rotor by controls in the pilot's 13.0 
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compartment. It will also be evident that 
the pitch changing mechanism of the 
blades is safeguarded during folding and 
unfolding of the blades and that the 
5 mechanism is such that the various 
operations are carried out in sequence so 
that failure of any of the mechanism will 
immediately become known to the pilot. 
It will also be evident that means have 

10 been provided for compactly folding the 
blades of a five-bladed rotor into positions 
in which all the blades extend aft over the 
tail cone. 
What we claim is : — 

15 1. A helicopter comprising a rotor, each 
of a plurality of the blades of said rotor 
• being provided with hinge means about 
the axis of which the blade can be folded 
and means for locking said hinge means 

20 movable between a locking position m 
which the blade is locked in flight position 
and an unlocked position in which the 
blade is free to fold, means responsive to 
the unlocking operation of said locking 

25 means for folding said blades, and means 
responsive to the movement of said blades 
from folded position into unfolded posi- 
tion for moving said locking means into 
locking position. 

on 2 A helicopter comprising a rotor, each 
of a plurality of the blades of said rotor 
being provided with hinge means about 
the axis of which the blade can be folded 
and means for locking said hinge means 

35 with the blade in night position, means 
for positioning said blades for folding 
movement, means responsive to the opera- 
tion of said positioning means for unlock- 
ing .said locking means, and means 
•^responsive to the unlocking operation ox 
said locking means for folding said blades. 

3. A helicopter comprising a rotor 
having variable pitch glades, each of a 
pluralitv of the blades of said rotor being 

4S provided with hinge means about the axis 
of which the blade folds and means for 
locking said hinge means with the blade 
in flight position, means for controlling 
the pitch of said blades, means for 

c 0 positioning said blades for folding move- 
ment, means responsive to the operation 
of said positioning means for locking said 
pitch-controlling means, means responsive 
to the locking of said pitch-controlling 

cc means for unlocking said locking means, 
and means responsive to the xuilocking 
operation of said locking means for 
folding said blades. . 

4 4. helicopter according to Claim ^ ox 

60 3 'in which each blade is pivotally 
mounted for movement about a drag 
hino-e said hinge means permitting blade- 
folding about an upstanding axis, and 
said positioning means comprises a 

65 hydraulic drag hinge damper controlling 



the movement of each of said blades in 
the plane of Wade rotation and means for 
admitting hydraulic fluid to said drag 
hinee dampers to position said blades 
about their drag hinges for folding 70 
movement. 

a. A helicopter according to Claim -L m 
which said locking means and said blade- 
folding mechanism are both hydraulic ally 
operated, said means for admitting 75 
hydraulic fluid to said drag hinge 
dampers is pilot-operated, and said one or 
more responsive mean? include sequence 
valve means, whereby operation of said 
pilot-operated means to supply hydraulic 80 
fluid to said drag hinge dampers results 
in the automatic positioning of the blades 
for folding, unlocking of said locking 
means, and folding of said blades or the 
reverse. . 85 

6. A helicopter according to Claim 5. m 
which said sequence valve, means com- 
prises a first sequence valve for supply- 
ing hydraulic fluid to said pitch-control- 
ling means to lock the same in response 90 
to positioning of said blades, a second 
sequence valve for supplying hydraulic 
fluid to said locking means operable upon 
locking of said pitch-controlling means to 
unlock said locking means, and a third 95 
sequence valve operable upon unlocking 
of said locking means for supplying 
hydraulic fluid" to said blade-folding 
mechanism. 

7. A helicopter according to Claim 5 or 100 
6, in which said blade-folding mechanism 
includes a hydraulic strut on each blade, 

a pinion carried by the root of said blade, 
and a rack carried by said strut and 
meshing with said pinion. 105 

8. A helicopter according to any of 
Claims 1 to 1 3 which includes means for 
indexing said rotor to bring a selected 
blade into aft-extended position, said 
means responsive to the unlocking of said 110 
locking means folding all of the blades 
except said selected blade. 

9. A helicopter according to Claim 8 in 
which said rotor has five blades equally 
spaced apart about the rotor axis, and 115 
said indexing means brings one blade 
into aft-extended position in the longi- 
tudinal center line of the helicopter with 

a first pair of blades extended aft and a 
second pair of blades extended forward, 120 
and in which said blade-folding_ means 
comprises a first means for folding the 
first pair of blades further aft into gener- 
ally- parallel relation with said one blade, 
and a second means for folding said 125 
second pair of blades aft into generally 
parallel relation with said one blade and 
into substantially the vertical planes 
occupied by said first pair of blades. 

10. A helicopter according to Claim 9, 130 
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in which said first folding means includes 
means for inclining said first pair of 
blades upwardly- at their tips during the 
folding operation, and said second folding 
5 means includes means for inclining said 
second pair of blades downwardly at their 
tips during the folding operation whereby 
said second pair of blades, when folded, 
lie beneath said first pair of blades. 

10 11. A helicopter according to any of 
Claims 1 to 10, in which said rotor 
includes a hub and a plurality of blade- 
supporting spindles on said hub, and in 
which said locking means includes a 

15 sleeve journalled on a spindle and form- 
ing one part of a blade-folding hinge, a 
blade pitch-control ring, means for secur- 
ing said ring to said sleeve in a plurality 
of angular positions of adjustment of the 

20 latter relative to said spindle, and a blade- 
attachment member pivotally mounted on 
said sleeve by an .upstanding hinge pin 
and forming the other part of said blade- 
folding hinge, and in which each blade 

25 has a -root fitting, means being provided 
for securing said fittings to said blade- 



attachment member in a plurality of 
angular positions of adjustment relative 
to said spindle axis. 

12. A helicopter according to Claim 11, 30 
which includes a flapping 1-mk pivotally 
mounted on said hub by a flapping hinge 
and provided with said blade supporting 
spindle. 

13. A helicopter according to Claim 12, 35 
which includes means for lo ckin g said 
ring rigidly to said flapping link in one 
position of angular adjustment of said 

, ring. 

14. A helicopter according to. any of 40 
Claims 11 to 13, in which said sleeve has 
an inboard flange abutting said ring, and 
said blade-attachment member has an 
outboard flange abutting a flange on said 
root fitting. " 45 

15. A helicopter substantially as herein- 
before described with reference to and as 
illustrated in the accompanying drawings. 

STEVENS, LANG-NEE, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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